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INTRODUCTION AND OBJECTIVE: The heptapeptide angiotensin-(1-7) is a component of the renin-angiotensin 
system, which promotes many beneficial cardiovascular effects, including antithrombotic activity. We have recently 
shown that the antithrombotic effect of angiotensin-(1-7) involves receptor Mas-mediated NO-release from 
platelets. Here, we describe an orally active formulation based on angiotensin-(1-7) inclusion in cyclodextrin [Ang- 
(1-7)- CyD] as an antithrombotic agent. Cyclodextrins are pharmaceutical tools that are used to enhance drug 
stability, absorption across biological barriers and gastric protection. 

METHOD: To test the antithrombotic effect of Ang-(1-7)-CyD, thrombus formation was induced in the abdominal 
vena cava of spontaneously hypertensive rats that were pretreated either acutely or chronically with Ang-(1-7)-CyD. 
Male Mas-knockout and wild-type mice were used to verify the role of the Mas receptor on the effect of Ang-(1-7)- 
CyD. 

RESULTS: Acute or chronic oral treatment with Ang-(1-7)-CyD promoted an antithrombotic effect (measured by 
thrombus weight; all values are, respectively, untreated vs. treated animals) in spontaneously hypertensive rats 
(acute: 2.86 + 0.43 mg vs. 1.14 ± 0.40 mg; chronic: 4.27 + 1.03 mg vs. 1.39 + 0.68 mg). This effect was abolished in 
Mas-knockout mice (thrombus weight in Mas wild-type: 0.76 ± 0.10 mg vs. 0.37 + 0.02 mg; thrombus weight in 
Mas-knockout: 0.96 + 0.11 mg vs. 0.87 + 0.14 mg). Furthermore, the antithrombotic effect of Ang-(1-7)-CyD was 
associated with an increase in the plasma level of Angiotensin-(1-7). 

CONCLUSION: These results show for the first time that the oral formulation Ang-(1-7)-CyD has biological activity 
and produces a Mas-dependent antithrombotic effect. 
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INTRODUCTION 

Thrombogenic events such as ischemic stroke, pulmonary 
embolism, deep venous thrombosis, mesenteric ischemia, 
and acute coronary syndrome are major complications of 
some pathological conditions, including hypertension, 
atherosclerosis and diabetes mellitus. 1 Despite the large 
number of therapeutic advances that have led to increas- 
ingly effective drug treatments, thrombogenic events still 
are a major cause of morbidity and mortality worldwide, 2 
and significant efforts have been made to identify new anti- 
thrombotic therapies. 



Copyright © 2011 CLINICS - This is an Open Access article distributed under 
the terms of the Creative Commons Attribution Non-Commercial License (http:// 
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non- 
commercial use, distribution, and reproduction in any medium, provided the 
original work is properly cited. 



The renin-angiotensin system (RAS) is the major hormo- 
nal system regulator of cardiovascular function; it plays a 
pivotal role in the homeostasis of arterial pressure, cardiac 
function, hydroelectrolyte balance, and it participates in 
hemostasis. The vasoactive peptide angiotensin (Ang) II is 
the main active member of the RAS; some of the most 
important current therapies for cardiovascular pathologies 
include blockade of the synthesis and /or activity of Ang II 
using angiotensin-converting enzyme (ACE) inhibitors 4 or 
angiotensin receptor blockers (ARBs). 5 

Ang-(l-7) is another biologically active component of the 
RAS; its actions are often the opposite of those described for 
Ang II. 6 ' 7 Ang II promotes cell proliferation, vasoconstric- 
tion and pro-thrombotic activity, whereas Ang-(l-7) has 
antiproliferative, vasodilator and antithrombotic actions, 
suggesting that it has great potential to treat cardiovascular 
diseases. 8 ' The intrinsic antithrombotic effects of ACE 
inhibitors and ARBs may be mediated by Ang-(l-7) 10 
because these drugs increase the plasma level of 
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Ang-(l-7). n We recently showed that the antithrombotic 
effect of Ang-(l-7) depends on Mas, 12 the known receptor 
for Ang-(l-7). 13 Furthermore, we demonstrated that Mas is 
present on platelets and that the interaction between Ang- 
(1-7) and Mas the only known recepter on these cells 
promotes the production of nitric oxide (NO). 12 

Many protein and peptide drugs cannot be administered 
orally because they are degraded by stomach and intestinal 
digestive enzymes. 14 Cyclodextrins (CyDs) are pharmaceu- 
tical tools that are used to design and evaluate drug 
formulations that can be used to enhance drug stability, 
absorption across biological barriers and gastric protec- 
tion. 1 These compounds are cyclic oligosaccharides that 
consist of six to eight glucopyranose units that form 
molecules with polar outer surfaces and an apolar cavity. 
Their amphiphilic characteristics make them soluble and 
allow the formation of supramolecular inclusion complexes 
that are stabilized by non-covalent interactions with a 
variety of guest molecules. 14 CyDs are neither hydrolyzed 
nor absorbed in the stomach or small intestine. However, 
the colon microflora break them into small saccharides, 
delivering the included molecule to the large intestine, 
where it may be absorbed. 15 A formulation based on Ang- 
(1-7) included in CyD [Ang-(l-7)-CyD] was recently 
characterized; however, its biological action has not been 
evaluated. 15 

In the present study, we show for the first time that Ang- 
(l-7)-CyD possesses biological activity and promotes an 
antithrombotic effect. 

METHODS 

Animals 

The following animals were used: 15-week-old sponta- 
neously hypertensive rats (SHRs) that were bred at the 
Biological Science Institute (CEBIO, Federal University of 
Minas Gerais) and Mfls-knockout (Mas ) and wild-type 
(Mas +/+ ) male mice on a pure genetic background C57BL/6 
(15 weeks old) that were produced at the Max-Delbruck 
Center for Molecular Medicine, Berlin and maintained 
at the transgenic animal facility of the Laboratory of 
Hypertension, Biological Science Institute, Federal 
University of Minas Gerais (UFMG). Animals were kept in 
temperature-controlled rooms with 12 h/12 h light/dark 
cycles and free access to water and food. The animal care 
committee from the UFMG, Brazil, approved all experi- 
mental protocols. 

Thrombus induction in rats 

The effects of acute [10 ug/kg, 30 ug/kg or 100 ug/kg of 
Ang-(l-7) 5 hours before thrombus induction and chronic 
[30 ug/ kg of Ang-(l-7)-CyD once per day for eight weeks] 
oral administration of Ang-(l-7)-CyD were tested in SHR. 
Thrombus formation was induced in the abdominal vena 
cava by ligature, as described previously. 10 Twelve hours 
before thrombus induction, the SHRs were deprived of food 
but had free access to water. For each rat, the abdomen was 
opened under ketamine/xylazine anesthesia (100 mg/kg of 
ketamine and 10 mg/kg of xylazine), and the vena cava was 
carefully separated from the surrounding tissues and 
ligated tightly with a cotton thread just below the left renal 
vein. The abdomen was then closed with a double layer of 
sutures (peritoneum with muscles and skin separately). 
After two hours, each animal was reanesthetized, the 
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abdomen was reopened, and the vena cava was carefully 
dissected and inspected for the presence of thrombus. The 
thrombus was air-dried at 37°C overnight, and its weight 
was measured. 

Thrombus induction in mice 

To test the role of Mas on the antithrombotic effect of 
Ang-(l-7)-CyD, thrombus formation was induced in the 
abdominal vena cava of Mas" /_ and Mas +/+ mice with a ferric 
chloride (FeCl 3 ) solution, as described previously. 12 Mice 
were deprived of food but had free access to water twelve 
hours before thrombus induction. Acute oral administration 
of Ang-(l-7)-CyD [100 ug/kg of Ang-(l-7)] was performed 
two hours before starting the surgical procedures. After 
anesthesia (ketamine 100 mg/kg, xylazine 10 mg/kg), the 
abdomen was opened, and the vena cava was exposed and 
carefully ligated with a cotton thread just below the left 
renal vein. A filter paper (2 mm x 5 mm) steeped in a 35% 
ferric chloride solution was applied below the ligature. 
After thirty minutes, the thrombus that formed was care- 
fully removed and air-dried at 37 °C overnight. The 
thrombotic response was assessed by measuring the 
thrombus weight. 



A- _ 




Figure 1 - Ang-(1-7)-CyD promoted antithrombotic effects in 
SHRs. A) Acute treatment with Ang-(1-7)-CyD (five hours before 
thrombus induction) inhibited thrombus formation when admi- 
nistered in doses of the equivalent of 10 ug/kg or 30 ug/kg of 
Ang-(1-7). B) Chronic administration of Ang-(1-7)-CyD [equiva- 
lent of 30 ug/kg of Ang-(1-7) per day] over the course of eight 
weeks promoted a strong inhibition of thrombus formation in 
SHRs. *p<0.05 significantly different from the respective control 
group treated with CyD (one-way ANOVA for panel A and 
unpaired Student's t-test for panel B). Each column represents 
the mean ± SEM from 7-10 experiments. 
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Radioimunnoassay 

Wild type mice underwent acute oral administration of 
Ang-(l-7)-CyD [100 ug/kg of Ang-(l-7)] two hours prior to 
blood collection. Blood samples were obtained by decapita- 
tion and collected in polypropylene tubes containing 1 mM 
p-hydroxymercury benzoate, 30 mM 1, 10-phenanthroline, 
1 mM PMSF, 1 mM pepstatin A, and 7.5% EDTA (100 ul/ml 
of blood). 16 The samples were pooled in groups of four to 
improve the sensitivity of the assay. After centrifugation, 
plasma samples were frozen and stored at -80 °C. 

The samples were extracted onto a Bond-Elut phenyl- 
silica cartridge (Varian, USA). The columns were pre- 
activated by sequential washes with 10 ml of 99.9% 
acetonitrile/0.1% heptafluorobutyric acid (HFBA) and 
10 ml of 0.1% HFBA. Sequential washes with 10 ml of 
99.9% acetonitrile/0.1% HFBA, 10 ml of 0.1% HFBA, 3 ml of 
0.1% HFBA containing 0.1% bovine serum albumin (BSA), 
10 ml of 10% acetonitrile/0.1% HFBA and 3 ml of 0.1 % 
HFBA were used to activate the columns. After sample 
application, the columns were washed with 20 ml of 0.1% 
HFBA and 3 ml of 20% acetonitrile/0.1% HFBA. The 
adsorbed peptides were eluted with 3 ml of 99.9% 
acetonitrile/0.1% HFBA into polypropylene tubes rinsed 
with 0.1% BSA. 13 After evaporation, angiotensin peptide 
levels were measured by a radioimmunoassay (RIA), as 
described previously. 17 



Statistical analysis 

The results are expressed as mean + SEM. Statistical 
analyses for SHR thrombus formation after chronic treatment, 
mouse thrombus formation, and plasma Ang-(l-7) level 
measurements were performed using the unpaired Student's 
t-test. The statistical analysis for SHR thrombus formation 
following acute treatment was performed by one-way 
ANOVA followed by a Dunnett post-test. 

RESULTS 

Acute and prolonged treatment with Ang-(1-7)-CyD 
promotes an antithrombotic effect in SHR 

As shown in Figure 1A, acute treatment with Ang-(l-7)- 
CyD, equivalent to 10 |ig or 30 |ig of Ang-(l-7), promoted a 
significant antithrombotic effect in SHRs. The maximal 
effect occurred at a dose of 30 ug of Ang-(l-7); this dose 
promoted a 60% inhibition of thrombus formation (2.86 + 
0.43 mg vs. 1.14 + 0.40 mg, n = 9 and n = 10, respectively; 
this and all subsequent comparisons refer to untreated vs. 
treated). As observed in other dose-response studies with 
other Ang-(l-7) effects, 10 ' 12 a higher dose of Ang-(l-7), 
equivalent to 100 ug of Ang-(l-7), did not significantly 
change the thrombus weight in SHRs. In addition, we 
evaluated whether chronic treatment with this formula- 
tion could result in desensitization of the antithrombotic 
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Figure 2 - The antithrombotic effect of Ang-(1-7)-CyD is dependent on Mas. A) Ang-(1-7)-CyD promoted a reduction in FeCI 3 solution- 
induced thrombus weight in Mas* 1 * mice; this effect was absent in Mas' 1 ' mice. B) Oral administration of Ang-(1-7)-CyD [equivalent of 
100 |xg of Ang-(1-7)] increases the plasma level of Ang-(1-7) in C57BI/6 mice. *p<0.05 and **p<0.01 significantly different from the 
control group treated with CyD (unpaired Student's t-test). Each column represents the mean + SEM from 6-8 experiments. 
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effect. Strikingly, prolonged oral treatment with Ang-(1- 
7)-CyD promoted a potent antithrombotic effect in SHRs 
(67% inhibition of thrombus formation, 4.27 + 1.03 mg vs. 
1.39 mg + 0.68 mg, n = 10 and n = 7, respectively) (Figure 
IB). No difference was observed between the treatments 
with CyD alone, water or Ang-(l-7) alone (data not 
shown). 

The antithrombotic effect of Ang-(1-7)-CyD is 
dependent on Mas 

Based on the antithrombotic effect of Ang-(l-7)-CyD 
observed in SHRs, we next evaluated the role of the Mas 
receptor on this activity using a Mas-knocked out mouse. 
The oral formulation Ang-(l-7)-CyD [equivalent of 100 ug of 
Ang-(l-7)] inhibited thrombus formation in Mas +/+ mice. 
However, this effect was abolished in Mas 1 ' mice (Mas +/+ : 
0.76 ± 0.10 mg vs. 0.37 + 0.02 mg, n = 6 and n = 7, 
respectively; Mas'': 0.97 + 0.11 mg vs. 0.87 + 0.14 mg; n = 6 
and n = 6, respectively, Figure 2A). No difference was 
observed among groups treated with CyD, water or Ang- 
(1-7) in Mas +/+ mice (data not shown). 

Ang-(1-7)-CyD promotes an increase in the plasma 
level of Ang-(1-7) 

We then verified whether oral treatment with Ang-(l-7)- 
CyD could increase the plasma level of Ang-(l-7). Using wild 
type mice, we observed that this formulation promoted a 
significant increase in the plasma level of Ang-(l-7) (7.79 + 
0.40 pg/mL vs. 19.52 + 7.38 pg/mL, n = 8 and n = 6, 
respectively) (Figure 2B). Treatment with vehicles did not 
promote any change in the plasma level of Ang-(l-7) (water: 
7.73 + 0.70 pg/mL; CyD: 7.79 + 0.40pg/mL; Ang-(l-7): 7.80 
+ 1.14 pg/mL). 

DISCUSSION 

This is the first study to demonstrate the biological 
activity of the oral formulation Ang-(l-7)-CyD. Further- 
more, we observed that the potent antithrombotic activity of 
this formulation is dependent on Mas and involves an 
increase in the plasma level of Ang-(l-7). 

Recently, significant efforts have been made to identify 
new drug treatments for thrombogenic diseases because 
thrombogenic events remain a major cause of morbidity and 
mortality worldwide. 2 Ang-(l-7) is a peptide that promotes 
many beneficial cardiovascular effects, counter-regulating 
many of the actions induced by Ang II. 6 ' 7 Its effects include 
vasodilation, 18,19 improvements in post-ischemic contractile 
function, 20,21 antifibrotic activity, 22 improvements in 
endothelial function 23,24 and antithrombotic activity. 10,14 All 
of these effects suggest that Ang-(l-7) is a potential target for 
treating cardiovascular disease. 

In the present study, we showed that oral administration 
of Ang-(l-7)-CyD promotes an antithrombotic effect that 
was associated with an increase in the plasma concentra- 
tion of Ang-(l-7). Furthermore, the antithrombotic effect of 
Ang-(l-7)-CyD was abolished in Mas''' mice. We recently 
demonstrated that Mas is present on platelets and that the 
interaction between Ang-(l-7) and Mas on platelets 
stimulates the production of NO, 12 which is the major 
antiplatelet agent. Moreover, Ang-(l-7), via Mas, promotes 
NO and prostacyclin 24 production from endothelial cells, 
which are important antithrombotic agents in the 
hemostatic process. 25 ' 26 Thus, the antithrombotic effect of 



Ang-(l-7) may be due to its interaction with Mas in both 
platelets and endothelial cells. 12 Together, these findings 
suggest that the antithrombotic effect of Ang-(l-7)-CyD is 
due to the increase in plasma Ang-(l-7) levels and 
consequent activation of Mas on platelets and endothelial 
cells. 

Acute treatment with Ang-(l-7)-CyD, in doses equivalent 
to 10 or 30 ug/kg of Ang-(l-7), promoted a potent 
antithrombotic effect in SHRs. On the other hand, a higher 
dose of Ang-(l-7)-CyD [equivalent to 100 ug/kg of Ang-(1- 
7)] did not significantly inhibit thrombus formation. This 
finding is in accordance with previous studies showing a 
bell-shaped dose-response curve for this heptapeptide. For 
instance, using an intravenous infusion of Ang-(l-7), 
Kucharewicz et al. 10 observed that the antithrombotic effect 
of Ang-(l-7) was abolished at higher doses. We observed the 
same phenomenon when evaluating the antithrombotic 
effect of Ang-(l-7) in mice. 12 We evaluated whether chronic 
treatment with this formulation could produce desensitiza- 
tion of the antithrombotic effect. No evidence for that was 
obtained; instead, daily treatment with Ang-(l-7)-CyD over 
the course of eight weeks produced an even greater 
antithrombotic effect than that of acute treatment in SHR 
(60% and 67% thrombus weight inhibition for acute and 
prolonged treatment, respectively). 

Inclusion compounds such as Ang-(l-7)-CyD are com- 
monly used by the pharmaceutical industry because they 
promote the enhancement of drug stability, absorption 
across biological barriers and gastric protection against 
digestive enzyme degradation. 14 The formulation based on 
the inclusion complex formed between Ang-(l-7) and CyD 
was developed to allow oral administration of Ang-(l-7) 
and was recently characterized by Lula et al., 15 although its 
biological action had not been evaluated previously. We 
have shown that Ang-(l-7)-CyD can increase the plasma 
level of Ang-(l-7) when administered orally (Figure 2B), and 
its action is dependent on Mas (Figure 2A). However, the 
exact mechanism leading to the Ang-(l-7)-CyD-induced 
increase in plasma Ang-(l-7) levels is unknown. One 
hypothesis is that the inclusion compound is not degraded 
until it reaches the colon and that the colon microflora break 
CyD into small saccharides, delivering the peptide, which 
could then be absorbed. 15 

In summary, our study shows that oral administration of 
Ang-(l-7)-CyD produces a clear antithrombotic effect, and 
this effect can be explained by an increase in the plasma 
level of Ang-(l-7) and consequent activation of Mas. 

REFERENCES 

1. Willoughby S, Holmes A, Loscalzo J, Platelets and cardiovascular 
disease. Eur J Cardiovasc Nurs. 2002;1:273-88, doi: 10.1016/S1474- 
5151(02)00038-5. 

2. Lip GY. Hypertension, platelets, and the endothelium: the "thrombotic 
paradox" of hypertension (or "Birmingham paradox") revisited. 
Hypertension. 2003;41:199-200, doi: 10.1161/01.HYP.0000049761.98155. 
7B. 

3. Kucharewicz I, Pawlak R, Matys T, Chabielska E, Buczko W. 
Angiotensin^ 1-7): an active member of the renin-angiotensin system. 
J Physiol Pharmacol. 2002;53:533-40. 

4. HOPE Investigators. Effects of ramipril on cardiovascular and micro- 
vascular outcomes in people with diabetes mellitus: Results of the HOPE 
study and MICRO-HOPE substudy. Heart Outcomes Prevention 
Evaluation Study Investigators. Lancet. 2000; 355:253-9, doi: 10.1016/ 
S0140-6736(99)12323-7. 

5. Dahlof B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, de Faire U, et al. 
Cardiovascular morbidity and mortality in the Losartan Intervention For 
Endpoint reduction in hypertension study (LIFE): A randomised trial 



840 



CLINICS 2011;66(5):837-841 



Antithrombotic formulation of Angiotensin-(1-7) 
Fraga-Silva RA et al. 



against atenolol. Lancet. 2002; 359:995-1003, doi: 10.1016/S0140- 
6736(02)08089-3. 

6. Ferrario CM, Chappell MC, Tallant EA, Brosnihan KB, Diz DI. 
Counterregulatory actions of angiotensin-(l-7). Hypertension. 
1997;30:535-41. 

7. Santos RA, Campagnole-Santos MJ, Andrade SP. Angiotensin-(l-7): an 
update. Regul Pept. 2000;91:45-62, doi: 10.1016/S0167-0115(00)00138-5. 

8. Santos RA, Ferreira A}, Pinheiro SV, Sampaio WO, Touyz R, 
Campagnole-Santos MJ. Angiotensin-(l-7) and its receptor as a potential 
targets for new cardiovascular drugs. Expert Opin Investig Drugs. 
2005;14:1019-31, doi: 10.1517/13543784.14.8.1019. 

9. Trask AJ, Ferrario CM, Angiotensin-(l-7): pharmacology and new 
perspectives in cardiovascular treatments. Cardiovasc Drug Rev. 
2007;25:162-74, doi: 10.1111/j.l527-3466.2007.00012.x. 

10. Kucharewicz I, Pawlak R, Matys T, Pawlak D, Buczko W. Antithrombotic 
effect of captopril and losartan is mediated by angiotensin-(l-7). 
Hypertension. 2002;40:774-9, doi: 10.1161/01.HYP.0000035396.27909.40. 

11. Iyer SN, Ferrario CM, Chappell MC. Angiotensin-(l-7) contributes to the 
antihypertensive effects of blockade of the renin-angiotensin system. 
Hypertension. 1998;31:356-61. 

12. Fraga-Silva RA, Pinheiro SV, Goncalves AC, Alenina N, Bader M, Santos 
RA. The antithrombotic effect of angiotensin-(l-7) involves mas- 
mediated NO release from platelets. Mol Med. 2008;14:28-35. 

13. Santos RA, Simoes e Silva AC, Marie C, Silva DM, Machado RP, de Buhr 
I, et al. Angiotensin-(l-7) is an endogenous ligand for the G protein- 
coupled receptor Mas. Proc Natl Acad Sci USA. 2003;100:8258-63, doi: 
10.1073/pnas.l432869100. 

14. Uekama K. Design and evaluation of cyclodextrin-based drug formula- 
tion. Chem Pharm Bull (Tokyo). 2004;52:900-15, doi: 10.1248/cpb.52.900. 

15. Lula I, Denadai AL, Resende JM, de Sousa FB, de Lima GF, Pilo-Veloso 
D, et al. Study of angiotensin-(l-7) vasoactive peptide and its beta- 
cyclodextrin inclusion complexes: Complete sequence-specific NMR 
assignments and structural studies. Peptides. 2007;28:2199-2210, doi: 10. 
1016/j.peptides.2007.08.011. 



16. Mendes AC, Ferreira AJ, Pinheiro SV, Santos RA. Chronic infusion of 
angiotensin-(l-7) reduces heart angiotensin II levels in rats. Regul Pept. 
2005;125:29-34, doi: 10.1016/j.regpep.2004.07.023. 

17. Botelho LM, Block CH, Khosla MC, Santos RA. Plasma angiotensin(l-7) 
immunoreactivity is increased by salt load, water deprivation, and 
hemorrhage. Peptides. 1994;15:723-9, doi: 10.1016/0196-9781(94)90103-1. 

18. Brosnihan KB, Li P, Ferrario CM. Angiotensin-(l-7) dilates canine 
coronary arteries through kinins and nitric oxide. Hypertension. 
1996;27:523-8. 

19. Neves LAA, Almeida AP, Khosla MC, Campagnole-Santos MJ, Santos 
RAS. Effect of angiotensin-(l-7) on reperfusion arrhythmias in isolated 
rat hearts. Brazilian Journal of Medical and Biological Research. 
1997;30:801-9, doi: 10.1590/S0100-879X1997000600016. 

20. Ferreira AJ, Santos RAS, Almeida AP. Angiotensin-(l-7): cardioprotec- 
tive effect in myocardial ischemia/reperfusion. Hypertension. 
2001;38:665-8. 

21. Loot AE, Roks AJM, Henning RH, Tio RA, Suurmeijer AJH, Boomsma F, 
et al. Angiotensin-(l-7) attenuates the development of heart failure after 
myocardial infarction in rats. Circulation. 2002;105:1548-50, doi: 10.1161/ 
01.CIR.0000013847.07035.B9. 

22. Katovich MJ, Grobe JL, Raizada MK. Angiotensin-(l-7) as an antihy- 
pertensive, antifibrotic target. Curr Hypertens Rep. 2008;10:227-32, doi: 
10.1007/sll906-008-0043-9. 

23. Faria-Silva R, Duarte FV, Santos RA. Short-term angiotensin(l-7) 
receptor MAS stimulation improves endothelial function in normoten- 
sive rats. Hypertension. 2005;46:948-52, doi: 10.1161/01.HYP.0000174594. 
17052.33. 

24. Santos RA, Ferreira AJ, Simoes E Silva AC. Recent advances in the 
angiotensin-converting enzyme 2-angiotensin(l-7)-Mas axis. Exp 
Physiol. 2008;93:519-27, doi: 10.1113/expphysiol.2008.042002. 

25. Loscalzo J. Nitric oxide insufficiency, platelet activation, and arterial 
thrombosis. Circ. Res. 2001;88:756-62, doi: 10.1161/hh0801.089861. 

26. Willoughby S, Holmes A, Loscalzo J. Platelets and cardiovascular 
disease. Eur. J. Cardiovasc. Nurs. 2002;1:273-88, doi: 10.1016/S1474- 
5151(02)00038-5. 



841 



